Context: Recent advances in neonatology have influenced the incidence and severity of ROP in a dichotomous fashion. Aims: To determine the incidence of ROP and to analyse its risk factors. Settings and Design: Prospective clinical case series. Materials and Methods: 282 preterm infants with birthweight < 1500g and/or gestational age ≤ 32 weeks and also those with gestational age > 32 weeks, with birthweight between 1500-2000 g, who were at risk for ROP were selected. Weight gain proportion was measured as weight at 6 weeks minus birthweight divided by birthweight. Statistical Analysis: Univariate and multivariate logistic regression. Results: Incidence of any ROP was 21.6% while severe ROP was 6.7%. Prenatal factors like multiple gestation (P = 0.510) and antenatal steroids (P = 0.104) were not significantly associated with ROP. On multivariate analysis, postnatal factors like weight at birth < 1250 g (P = 0.01) and gestational age between 31-32 weeks (P = 0.02) were independent risk factors for any ROP, while intraventricular hemorrhage (P = 0.03) was the only independent risk factor for severe ROP. Mean birthweight of infants with severe ROP was 1056 ± 207 g (P = 0.004), which was significantly low. After logistic regression, the mean weight gain proportion at 6 weeks, of those neonates with severe ROP was 30%. Conclusions: Low birthweight and prematurity were the most important risk factors for developing any ROP, while intraventricular hemorrhage was the independent risk factor for developing severe ROP. The mean postnatal weight gain at 6 weeks was not statistically significant in neonates with severe ROP.
Retinopathy of prematurity (ROP) is a proliferative retinopathy, the incidence and risk factors of which is paradoxically increasing with improved neonatal care, as a result of increasing survival of these premature infants. Recent studies from India report an incidence ranging from 20% to 46%. [1] It is well established that incidence of ROP increases with decreasing gestational age and birth weight. However, not all preterm neonates develop ROP. There are many other prenatal and postnatal risk factors which increase the probability of developing ROP. Recently, multiple gestations and poor postnatal weight gain in early postnatal period have been observed to be independent risk factors for the development of ROP. [2] [3] [4] But current screening guidelines do not take these two risk factors into account. An easily identifiable prenatal risk factor like multiple gestations, has been found to cause a greater risk of prematurity and a higher risk of severe ROP. While, a postnatal risk factor like poor postnatal weight gain, has led to the identification of infants at risk for developing sight threatening ROP more specifically and much earlier before the disease is diagnosed by ocular examination. [5] Hence, simple postnatal weight measurements, can reduce costly stressful eye examinations and can help in early identification of infants at risk, which may lead to the initiation of interventions early and possibly prevent sight-threatening ROP. [5] Thus, the aim of this study is to determine the incidence of ROP in preterm infants and to analyse the prenatal and postnatal risk factors for its development, with a special reference to postnatal weight gain.
Materials and Methods
The study was a Prospective interventional clinical case series from January 1 st 2008 to June 30 th 2011. Ethical Committee clearance from the institution was obtained. Inclusion criteria were: 1. All pre-terms with birth weight <1500gm and/or ≤32 weeks. 2. Selected pre-term infants of gestational age >32 weeks, with a birth weight between 1500 to 2000gm, who were at risk for ROP. Exclusion criteria were: Non physiological weight gain like hydrocephalus, congestive cardiac failure, hydrops.
Neonates, at birth were weighed unclothed on Essae DS 252 weighing scale. Following this, they were weighed daily on the same weighing scale, unclothed, before feed once a day. Antenatal history regarding use of steroids and presence of multiple gestations were recorded. Gestational age was assessed according to the last menstrual period or first trimester USG scan. Cardio-respiratory monitoring was done continuously using Neonatal monitor. Whenever supplemental oxygen was administered, care was taken to maintain SpO2 between 85-92%. Oxygen supplementation was recorded in 'hours of delivery'. Surfactant (100mg/kg) replacement therapy was considered if symptoms and signs along with radiological features of RDS were present. Continuous positive airway pressure was given in infants with mild to moderate respiratory distress. Invasive Positive Pressure Ventilation (IPPV) was considered if-(1) Downe's score > 7, (2) Required an Fio2 > 0.5 to maintain the target saturation, (3) PCO2 > 55 mmHg or PaO2 < 50 mmHg, (4) Severe/recurrent apnea, (5) Requiring surfactant therapy. The total number of hours of continuous positive airway pressure (CPAP) and synchronized intermittent mandatory ventilation were noted.
Blood culture was sent in BacT/Alert aerobic blood culture bottle at admission if there were features of sepsis. Neurosonogram was done in the first week and in the fourth week of life unless there was indication for repeating. Echocardiogram was done, if neonate was found to have significant murmur. Packed red blood cells were transfused if-1. Asymptomatic infants with Hematocrit (HCT) <21%, 2. Infants with HCT < 31% requiring prolonged/increasing Fio2, frequent apneic episodes, poor weight gain.
Ocular examination was carried out in the retina clinic, or at the neonatal intensive care unit (NICU) by a single examiner under aseptic precaution using indirect binocular ophthalmoscope with lens of +20 Diopters and a scleral depressor. Pupils were dilated with 2.5% phenylephrine and 0.5% tropicamide. First the anterior segment of the eye was examined to look for tunica vasculosa lentis, pupillary dilation and lens/media clarity. Followed by, the posterior pole to look for plus disease, followed by sequential examinations of all clock hours of the peripheral retina. 
Statistical Analysis
SPSS software version 16.0 for windows was used. Univariate analysis was performed to determine the significant risk factors for ROP. Student't' test was used for continuous variables with normal distribution and Mann-Whitney U-test for variables with skewed distribution. Chi square test was used for categorical variables. Multivariate logistic regression analysis was performed using variables which were significant on univariate analysis. Receiver operating characteristic (ROC) curve was used to find discriminative cut off values of weight gain proportion.
Results
There were 1214 pre-term infants. Out of these, only 282 infants fulfilled the inclusion criteria. There were 178 males and 104 females. The mean birth weight was 1353gm (±278) and the mean gestational age at birth was 32 weeks (±1.9).
Of the 282 infants, 221 infants did not have ROP. The incidence of any ROP (42 infants) and severe ROP (19 infants) was 21.6% and 6.7% respectively. All the infants with severe ROP were treated by laser photocoagulation. ROP regressed in all the 19 infants following treatment.
Incidence and severity of ROP was found to be higher with decrease in gestational age at birth and birth weight, as seen in Table 1 .
In infants with any ROP, the mean birth weight was 1198g (±269) (P < 0.001) and gestational age at birth was 31 weeks (±1.9) (P < 0.001); both being significantly less. In infants with severe ROP, the mean birth weight was 1056gm (±207) (P < 0.004) and gestational age at birth was 30.16 weeks (±2.1) (P < 0.001); both being significantly less, yet again. Thirteen babies with severe ROP were born small for gestational age (SGA).
A zone wise distribution of ROP showed that most of the infants had ROP in Zone 2. Of these infants, 9 had stage 1, 20 had stage 2 and 9 had stage 3 disease. Among infants who had zone 3 ROP, 12 had stage 1, 4 had stage 2 and 7 had stage 3 disease. There were no infants with ROP in Zone 1. None of the infants progressed to stages 4 or 5.
When the association between prenatal factors and ROP was studied, it was found that 58.5% mothers received antenatal steroids during their pregnancy. 14.2% of infants of these mother's were found to have ROP. But this was not a significant decrease in the risk of ROP. Of the 282 infants, multiple gestations comprised of 55 infants. Nine infants (16.36%) were born from triple gestations and the remaining 46 (83.6%) born from twin gestations. Incidence of ROP among multiple gestation infants was 16.36%. Of these, 4 had threshold ROP and they received retinal laser ablation. On univariate analysis, both prenatal factors were not significantly associated with ROP as shown in Table 2 . Table 3 shows the univariate analysis of postnatal risk factors. Weight at birth <1250 gm, gestational age at birth <32 weeks, surfactant administration, apnea, IPPV, culture positive sepsis, PRBC transfusion were found to be significant risk factors for any ROP. However, many of these risk factors were not significant on being subjected to multivariate analysis as seen in Table 4 .
On univariate analysis, weight at birth <1250 gm, gestational age at birth <32 weeks, apnea, CPAP duration, PRBC transfusion and IVH were found to be significant risk factors for severe ROP as shown in Table 5 . Risk factors which showed significance (P < 0.05) or trend towards significance (P < 0.1) were subjected to binary logistic regression analysis to find independent risk factors for severe ROP as seen in Table 6 . IVH was found to be the only independent risk factor for severe ROP.
The mean weight gain proportion was not statistically significant in the postnatal period from 4 weeks, 5 weeks and 6 weeks as seen in Table 7 . Predictive power of weight gain proportion at 6 weeks for predicting severe ROP was analyzed by plotting ROC as shown in Fig. 1 . The area under curve was only 0.6 (95% CI: 0.402-0.66). The discriminatory power was modest. Absolute weight gain of 472 gm from birth to 6 weeks of age had a sensitivity of 81.8% and specificity of 53.7% for predictingsevere ROP.
The mean postnatal day by which the neonates regained birth weight was not significantly different between the any ROP group and severe ROP group.
Discussion
• Our study indicates, that the incidence of any ROP, not requiring treatment and severe ROP, requiring treatment was 21.6% and 6.7% respectively. An incidence of 22.6% in the study by Sudha Chaudhari et al., [3] was comparable to ours, but this was much lower than that reported by Gopal, et al., [6] in 1995 as well other recent Indian studies that showed an incidence between 38-51.9%. [1, [7] [8] [9] • ROP was most often seen in Zone 2. There were no infants with ROP in Zone 1 and none of the infants progressed to stage 4 or 5. Laser photocoagulation had good immediate results with regression of ROP in all treated infants.
Multiple gestations have been taken as an independent risk factor for ROP by Sood et al., [4] Our study found incidence of ROP in multiple gestation to be 16.36%, which was not significant. The CRYO-ROP [10] showed that although incidence of ROP is not affected by multiple births, the likelihood of developing threshold disease is 36% greater. There is limited literature in Indian scenario on this topic and it needs further studies.
Antenatal dexamethasone administration has been found to decrease the incidence of ROP by Higgin's et al., [11] But this study did not include a sufficient number of severely affected infants. Our study was concurrent with Vermont-Oxford Trials Network [12] that found no difference for any ROP and severe ROP in infants weighing less than 1500gm exposed to antenatal corticosteroids when compared with those not exposed to corticosteroids.
Many postnatal risk factors have been reported to predispose to the development of ROP like low gestational age, low birthweight, sepsis, IVH, blood transfusion, oxygen-therapy, surfactant and erythropoietin. [3, 10, 13] In our study, though gestational age ≤30 weeks was a significant risk factor in univariate analysis, it was not an independent risk factor for ROP on multivariate analysis. This was because the incidence of infants, born less than 28 weeks was very less and all those who were born, did not survive or follow up till ROP screening was completed, thus leading to less number of subjects in this group ≤30 weeks, as compared to the group 31 to 32 weeks. Having such an uneven distribution of subjects in the various groups has been the most important limitation of our study. Gestational age ≤ 32 weeks, weight at birth ≤ 1250 gm, CPAP duration, apnea and PRBC transfusion were significant risk factors for severe ROP in univariate analysis, but however they were not independent risk factors for severe ROP. Intra-ventricular hemorrhage was the only independent risk factor for severe ROP, similar to a study by Watts et al. [14] Low postnatal weight gain is a recently mentioned risk factor for ROP. [15] [16] [17] [18] Our study is the first to highlight this risk factor among Indian babies. The merit of our study lies in the fact that it was a prospective study and included inborn babies only, so that the weight monitoring and risk factor assessment was accurate.
A retrospective study by Wallace et al., [16] suggested that postnatal weight gain under 50% of birthweight at 6 weeks of life indicated an important risk for severe forms of ROP. In a similar study by Fortes Filho et al., mean weight gain proportion at 6 weeks of age was 45.1%, thus proving it to be an independent risk factor for severe ROP. [15] Our study found that the mean weight gain proportion was not significantly different at 4 weeks, 5 weeks and 6 weeks. Poor postnatal weight gain from birth to 6 weeks was not a good predictor of severe ROP, as the discriminatory power of the ROC curve was modest. However, the neonates who had severe ROP, had a poor weight gain proportion of 30% at 6 weeks. This being < 50%, was a clinically significant finding.
In conclusion, our study highlights the changing epidemiology of ROP in India, with a lower incidence being reported over the years by different studies.
Gestational age of 31-32 weeks and weight at birth < 1250 gm were the independent risk factors for any ROP. IVH was the only independent risk factor for severe ROP. SGA was not a significant risk factor for severe ROP. Poor postnatal weight gain from birth to 6 weeks was not a good predictor of severe ROP. However, poor weight gain proportion, in infants with severe ROP was found to be clinically significant.
Although we cannot recommend that postnatal weight gain monitoring is useful in the screening of ROP, we recommend a larger case series to better ascertain postnatal weight gain as a significant risk factor for severe ROP in Indian babies Also, in this study we have tried to look for an association between days of regaining birth weight in infants with ROP. This is a novel concept and may help in making a cut off value which in turn can help NICUs to identify newborns at risk. Further studies among Indian babies are required in this field.
